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ABSTRACT 
A geolOgical map of 5.60 square miles (scale= 1:6,000) around the TA·SS area has been 

completed.: (Ibis map (Pla1c 1 in this report) shows that the Rendija canyon and Giuijc Mountain 

fault woes~ be locale4 by geological fiela observations and fracrum studies. ·.The faut~ lie within 

. a roughly N~ ~ ~tSOO ft west and l.SOO ft. east. respectively. ofT A-ss~ Within Chis zone, the 

Bandc:.t.erTU,ffis-tectOnieally defonned.;lmponant struetural features include J'OCkfrac~ures. 

·_microirabcn!~~. by doWndrop of tuff blocks up"' severaUeet,and "zippcrjoints" where sets of. 

-· jotnis blVe. lX#i ~·ana atong whK:h tiif! sulfaccs have been downdropp(:d several ~r more feet ·- ., --~~~~~lheg~i~gical mappingsfudy. decai!Cd:~~ctural m'apping~ ·'measurement of · 

·- t~62S ~'aloniPiiarito and EastJemez;roadS <PtateS-2 and 3) deliionstrate notable Uicreascs in 

. ~,abundanee Q£3Dcfoperimg on fractures;over area5 ~fthe fault projections.' The nteasurotnent.~ 

· :shOw \ba_t 'trac~lineaidcnsity increases. from ·bacJcSroqnd levels avera'ging 20' fraC\Uros/100 It to 
about~O f~lOO ft oyer the fault ZOne$. I\ vera~' fracture openings are .abou-t 1.0 em~ and 

. -obSctvcd.vtrUC:IhUSptacemcnts illong these~{rneturests a similar amount, making these fractures 

cvid'encc:or fauU~ovdn~ ·cumulative surface defottnation calculated over the Rcildija Canyon 

.. Fault:innc ~ng'PfjaJit() Road is about 8.2 ft hori7.oil.taland 8.6 ft vcnical. dispcn;cd over <JUU 

horizorltal reet Surfa~ defonnation on thc:Guajc Mountain Fault zone along East Jemez Road is · 

caleulllcd to te:s.$ ft hOriiomal and 6.1 ft vcnicat, spread out over 1,600 hori7.ontal ft. 

'' ·,-.-·~·-,;._, :-"i\;:~ .. ···:_·~'·, .·-:._. .·,. ·-.... ,, ~- . .·. : ..... _:" : ' 
. . . .. - :,;·.' 

VJc.condlidC~that vertical movement of at least .IO.ft has likely occurred in·bcdroclc below the 

Banddier Tuff llt)Dg both of these faults. buuhat this displaccmcm is accommodated by fractures 

. di~ ovet' t~.horiionta1 feet across the f:tults in the tuff. · 
. . . ' . ';~ ., ' '·.' ~ ~.. . . - . 

::. '.,.' 

- . : We re(:()lnmend that additional fracture measurements be made along blade cuts iruo the luff 

ove~ the faultc~ iiearTA·SS. Also our mapping shoWs a considerable hazard of cliff failure and 

mas$ \vasting:ibove TA-2. wbich should be stUdied further. Attachment: · a/s 

Cy: EES-1. MS 0462 Seismic Hazards File 
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RESULTS FROM GEOLOGIC MAPPING AND FRACTURE MEASUREMENTS AROUND THE TA-SS AREA 

1. Geologic Map 

As part of the study of the geology of the TA-SS site, a geologic map has been prepared from a combination of field and aerial photograph studies; all mapping was done :u a scale of 1:6.000 (Plate 1 ). The map is centered on theTA-55 site, and covers approximately four square miles. Wirhin rhis area. the rocks exposed are all of the Tshirege Member of the Bandelier Tuff (-1.1 m.y. old), with me exceptions or (1) deeper exposures into reworked tutrs and Cerro Toledo fall out tuffs in the central pan of los Alamos Canyon and (2) even deeper exposure. into the Otowi Member of the Bandelier Tuff, in the easrcm pan or Los Alamos Canyon. 

The map generated for this project (Plate I) is based on a stratigraphy compiled from seven sections that wen:: measured through the Tshirege Member, using a steel tape and (for a few portions) Jacob's staff. Figure 1 is a schematic summary oftbc smwppby in the map area. colon=d to matc:b tbe units in Plate I. Representative detailed stratigraphic columns have been included for Twomile Canyon just solllh ofT A·SS (Figure 2), mu1 for Pajarito Canyon just south of TA-40 (figure 3). The tightest ((KW'Ol of stratigraphic contaCts was maintained in Los Alamos, Mortandad. Twomile, and Pajarito canyons, where field work was concentrated. 

The stratigraphy used for tile map in Plate 1 is based on the physical characteristics of the Tshirege tuff units. The decision to base this map on physical features was made because the Tshfregc is relatively -homogeneous in chemical and mineralogic character: it is a crystal-rich. high-silica rhyolite tuff in which the mineral and geochemical variations ate subtle. Two major subdivisions of rock type were chosen in the physical stratigraphy: (1) resistant.wffuniu that form cliffs. often with prominent ledge rops. and (.2) 
\veak tuff units that are readily incised by erosion. leaving ledges on the resistant units below while undercutting any resistant units above. The principal mechanism of erosion in !his area is the undercuu1ng 
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of resistant cliffs via underlying weak tuffs. leading to mass wasting of cliff edges. The instability of cliff 

margins. with massive failu~s that occur either in the course of progressive eros~on or triggered by seismic 

events, appears to be a major geologic hazard in the area shown in Plate 1. Areas most at risk are those 

closest to mesa margins (particularly at southern mesa edges in unit 3, the yellow map unit in Plate 1 ), and 

those at the bottoms of canyons within or beneath unit 2 (the blue map unit in Plate 1 ). 
The physical stratigraphy used in this study is generally similar to other stratigraphies of the 

Bandelier Tuff that are based on cooling units (see, e.g., Crowe et al., 1978, and Baltz ct al., 1963). The 

three units described by Crowe et al. and by Baltz et al. are generally correlativehn numbering to units 1 t_. 

through 3 as used in this report; we have a unit 4 at the top (the sec!i;:ms measured by these two other 

reports did not include unit 4, which is outside of their map areas). The previous map units and our map 

units are compared in Table 1. 

Table 1. Comparison or Stratigraphic Units within the Tshirege Member •. 

Baltz et al. (1963) 

' unit 3 

unit2b 

unit 2a 

Crowe et al. (1979) 

unit 3 

unit 2 

Our units 

unit4 

unit 4b 

unit 3 

unit 3b 

unit2 

unit 2b -~: 1 ~- - - - - - • - - - - - - - - - - -u~:: .... ---------. ---u~:: . -. ' --..... unitla 

unit lb 

\ 
\ ----------.....----------------__.I ___ TA-53 
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•These different unit designations use lhc sam•! numbering scheme. but do not nccessanly result m the 
same mappable boundaries. There will be greatest deviation between the unit.~ of Crowe ct al. and our u:-o~L<;. 
because they used a stratigraphy baserf primarily on cooling units rathtr than physical resistance to eros JOn 

i In contrast to Baltz et al., we have subdivided unit 3 and we usc the letter "b" to indicate the soft and 
generally basal tuffs that appear with some regularity below many of the cliff-forming welded poruons of I 
these units. Unlike Baltz et al., we have 'lot mapped alluvium where the underlying type of tuff can be 
determined or reasonably inferred. 

The similarity between physical stratigraphy and cocling units occurs because cooling umts 
commonly have welded cores that form resistant cliff.fonning intervals. This correlation is not perfect. 
however, because vapor-phase alteration has been supe~m?Qsed on the cooling units of the Tshirege. T!m 
later alteration can affect the resistance of the tuff to erosion. panicularly in nonwelded tuffs where sll ght 
vapor-phase alteration appears to weaken the macroscopic pumices relative to the groundmass. but 
thorough vapor-phase alteration tends to make the rock more resistant. Finally, the degree of hcase­
hardening" ofnonwelded and poorly-welded tuffs during weathering varies within and between unilS for 
reasons that are still poorly unde_rstood. The physical stratigraphic unitS that result from these comb1~cd 
processes are described below, referenced to their use in Plar.e l. 

2. Map Units (Physical Stratigraphvj see Plate l) 

(unics described from top down) 

Unit 4: resistant (map color= red; see Fig. I) 

White ruff with relatively unifonn grain-size and generally small pumices. lhi,kness $100 It m 111.: 
map area. This unit contains small pumices and pumice fragments. Jt is nonwelded to poorly welded. but 
indurated by vapor-phase alteration. Macroscopic pumices are generally softer than the groundmass. hut 
tend to be smaller (mostly< 1 inch) than in most other pans of the Tshircge. This unit is restricted 10 :he 
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western part of the map area. A significant feature of the unit is a continuous. mappable surge interval that {} 
occurs near its base. This panicular surge interval is typically 1-2ft thick and pumice-poor; its most s 

• 

significant feature is that it is the only surge that can be traced continuously over distances up to hundreds , tt 
of feet (where it is exposed). Other surge intervals can be found within unit 4 and 4b. but they are not as 
continuous. 

Unit 4b: weak (map color= orange; see Fig. 1) 

Nonwelded white tuff with relatively uniform grain-size. thickness 0-20 ft in the rna;) area. This unit 
is similar to 4. but is less indurated and may have larger pumices. In the northern part of the map area. 4b is 
absent and d1C continuous surge interval at the base of unit 4 rests directly on unit 3. 
Unit 3: resistant (map color= yellow; see Fig. 1) 

Brown nonwelded to moderately-welded tuff, thickness 50-100ft in the map area. Welding is most 
inlense to the west ofTA-55, and the upper 20ft are devitrified and very dense at the western margin of the 
map area. but even the less-dense non welded portions at the eastern margin of the map area are resistant 
and cliff-forming. Pumices are as hard as the groundmass in welded intervals. and only slightly softer than 
the groundmass in nonwelded vapor-phase indurated intervals. 

Unit 3b: weak (map color= green; see Fig. 1) 

White nonwelded tuff. thickness 15·80 ft in the map area. Vapor-phase alteration is less intense than 
in unit 3, and the pumices are extremely soft Macroscopic pumices are also large (typically >2 inches) and 
abundant (-20%). 

Unit 2: resistant {map color= blue; see Fig. 1) 
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Moderately· to densely·welded brown tuff, salmon-colored in upper few feet of densely-welded wnc. 
90-150 ft thick in the map area. Densely-welded devilrified rock constituteS the majority of this umt. w1!ll 
pumices and groundmass both being very dense and hard. The top of this unit is the major ledge ·fonTHng 
lithology below the mesa top; these ledges occur on the nonh walls (and to a lesser extent on the south 
walls) of all major canyons that cur into unit 2. Platey intervals occur within this unit. and may signify now 
boundaries within a compound cooling unit. 

Unit 2b: moderately weak (not broken out in the map area - included within map color blue; sec Fig. 1 l 
Nonwelded base of unit2. thickness 10-30 ft in the map area. Macroscopic pumices are abundant 

(-30%),large (typically> 4 inches). and softer than the.groundmass. Vapor-phase alteration is pervasive. 
but diminished in abundance relative to unit 2. Despite these features, this unit is not as weak as mo~t 
comparable nonwelded tuff units, apparently because of a common "case-hardening" in many areas where 
it is exposed. Erosional deepening and canyon widening appears to be more common where stream 
bottoms occur in the underlying unit 1. 

Unit 1: weak {map color= violet: see Fig. 1) 

White-to-pink nonwelded to slightly-welded tuff. thickness 30 to 80(?) ft in the map arcJ. 
Macroscopic pumices {-30% of the tuff) are similar in size and abundance to those in unit 2b. but much 
softer than the groundmass. As in all overlying units, vapor-phase alteration is pervasive. The lowest 1 -:! ft 
at the base of this unit consist of a persistent and mappable pink-colored erosional notch in which the 
pumices are extremely soft This notch is described in Fig. 9 of Crowe et a1. (1978). 

Unit lb: moderately weak (not broken out in the map area- included within map color violet: sec Fig. 11 
White-to-gray glassy nonwelded tuff, thickness 25 to 80(?) ft in the map area. Macroscopic pum1ccs 

in this unit are similat to those in unit l, except that they remain glassy (liUle or no vapor-phase altcr:lllon .1 

This lowest unit is the only pan of the Tshirege in which vapor· phase alteration is absent. Although "'11h 
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the pumices and the groundmass are glassy and soft, this unit is generally resistant to erosion and it docs 

fonn cliffs (probably due to the lack of differential hardness between ground mass and pumices. as well as 

the susceptibility of the glassy ruff to surface reactions and "case-hardening"). 
Underlying units (left uncolored in Plate 1 and Fig. 1) 

The underlying units include a complex series reworked tuffs. Cerro Toledo fall out. and Otowi 

Member tuff exposed in Los Alamos Canyon. Excellent exposures of Cerro Toledo fall out occur within 

T A-41 and elsewhere along the walls of Los Alamos Canyon, but exposures of the other units beneath the 

Tshirege Member are generally poor. 

3. Mapped Features 

The discrete fault scarps that characterize lhe Rendija Canyon and Guaje Mountain faults north of Los 

Alamos are not observed in the map area around TA-55. There is abundant evidence, however. that 

broadly-dispersed flexure and some displacement of the Tshirege Member has occurred in theTA-55 area. 

The evidence leading to this conclusion is based in pan on fracture analysis (see section 5.), but is also 

based on the following features shown in the geologic map (Plate 1 ): 

Micrograbens. These features (see Fig. l for map explanation) are most prominent and concentrated 

in the northwest part of the Plate l map area. They are small graben·lik.e structures. with down-dropped 

central blocks. that mostly occur along mesa margins in unit 3. The largest micrograbens are concentrated 

along the soulhem margin of South Mesa. between the Los Alamos County landfill (near TA-61) and the 

trailer park. Here the micrograbens may be over 20 ft across and 7S ft long. Acwal displacements of the 

central blocks are difficult to measure because they have commonly been eroded by water now from til~ 

mesa tops. but the relief between micrograben walls and central blocks is as much as 10ft or more. 

particularly along the southern margift of South Mesa. 
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The significance of the micrograbens is in tl1eir apparent relation to the souihem proJCCtron cl :t;c 
Rcndija Canyon fault and splays from that fault. A set of micrograbcns on Lhc no:th stdc of Los ,\I.Jmc., 
Canyon lies directly along the proje· .ion of the Rendija Canyon fault through Ashley Pond. and conr:t n·· 
the only known occurrence of gypsum along near-surface fractures in the Pajat·ito Plateau rprob;th!~ 
deposits as a result of leaching and precipitation along the fault passing beneath Ashley Pond> The 
connection between micrograbens anC: Ashley Pond strengthens the likelihood that the original A~t1lc~ 
Pond was a sag pond. 

To the south of South Mesa, micrograbens are fewer and more subdued. They appear to be more 
common toward the western pan of the map area. and may in fact increase in abundance toward the 
Pajarito fault zone. Further mapping would be reqt1ired to r:onfirm this suggestion. 

Zipper Joints. The term "zipper joint" is used to describe sets of incised joints that provide drainages 
off of the Pajarito Platt~ au mesa tops or off of the unit 2 erosional shelves into the canyon botrom!> (see Fig. 
1 for explanation of m<lp symbol). These minor drainages do not follow one preferred joint orientation. bul 
instead follow N-S to NE-SW channels with "zin-zag" pathways. The straight-line path segment of :ln~ 
panicular "zig" or "zag" in the channel bottom is seldom longer than 5-10ft, a distance much shoner thJn 
the traces of joints mat cross the channels. This observation strongly suggests that individual jomrs ilrc Mt 
capable of channeling flow off of the mesa tops, but channels form instead along chains of joint scgmcms. 
where N-S to NE-SW trending lines of dl!ep·seated displacement have offset and weakened the ovcrl:·mg 
joints. 

On a broad scale. the :zipper joints .are dispersed across the map area. However, the most prominent 
zipper-joint drainages occur along Twomile Canyon between TA-48 and TA-66. along Pajarito Canyon 
below TA-46, and along Threemile Canyon nonh ofTA-15. These locations are generally to the south ;md 
cast of the areas where micrograbens tend to be most prominent; it is possible that micrograbcns Lend to 
develop on mesa surfaces closet to the Rendija Canyon • Guaje Mountain and Pajarito fault systems. 
whereas zipper joints tend to develop farther from these major faults. 
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4. Fault Protections 

I 
The Rendija Canyon Fault {RCF) and the Guaje Mountain Fault (GMF) project across the Los 

Alamos townsite toward the map area of Plate 1. Based on the mapping and fracture studies completed for 
this project. the traceS of these faults can be extended soul.h through TA-48 (RCF) and TA·2/rA·35fi'A·15 

(GMF). These projCctions m not of discrete surface rupwres, but rather represent !.he likeliest axial trace of 

broadly dispersed ~ace effects above the extensions of these faults south of Los Alamos Canyon. 
The Rt:ndija Canyon Fault (R.CF) appears to have at least two major splays south of the Los Alamos 

townsite. One of 1besc splays passes through a major slide block in the nonh wall of Los Alamos Canyon 

1 and passes f'D the west ofTA-48. 'n1e other splay may pass much farther to the south, crossing Los Alamos 
Canyon after passing 'beneath Asbley Pond. passing beneath TA-48, and extending south beneath a major 
zipper-jolftt drainage, a small micmgraben. and an area where large blocks of tuff have fallen imo a 

tributary to Twom.Ue Canyon. Wben: these spl.tys Closs PajaritO Road near TA-48, they are defined by 

:zones of Ita ida and opea traaun:s in UDits 4 and 3 of the Tshirege. 

The Ot:laje Mcunlain Fault (GMF) appears to project across Los Alamos Canyon just to the west of 
TA-2. Tbe nonhem wall of Los Alamos Canyon at Ibis point has a large slide block that is beginning to 
form near tbe fatalt projection. This slide block is still-1 SO fl above the canyon floor. but h\ls ~lipped -13 h 
along its bounding fraewrcs. We estimate that the minimum mass of material held in this block above the 
western edF of TA·2 ts,so.ooo tons. It is probably not fortuitous d1at the twO massive slide blocks in Los 
Alamos Canyon occur a1hoa tbe projections of the RCF and the GMF. 

South of Los Alamos Canyon. the GMF appears to pass through a major zipper-joint drainage 
opposite the turnoff to LAMPF from East Jemez Road. Fracture mapping indicates a zone of abundant and 

open fractures where thi$ fault projection crosses the mesa. Further south. the fault projection passes 

\ through anujorzipper-jointdrainage in Mortandad Canyon. beneath TA-3S. and into the bend in drainage \ 

where Twomile Canyon intersects Pajarito Canyon. At this point the GMF projection appears to disperse \ 
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into a number of splays; the westernmost splay truncates a finger mesa and passes into Pajarito Canyon 
where a perched meadow has been incised by downcutting of lhc Pajarito Canyon drainage. The olhcr ,.,..o 
splays project toward a set of zipper-joint drainages nonh ofT A· 15. 

S. Fracture Measurements 

FractuL-es are a conspicuous feature of the Bandelier Tuff in the Los Alamos area. Most of these 
fractures are nearly venical in orienzation and divide the tuff into roughly polygonal-shaped, elongate 
blocks. The spacing of these fractures is visually regular on the order of about :5 to 10 ft. In the Baltz ct al. 
(1963) and Dames and Moo~ (1972) reports d1e fractUres are called "joints", a geological term that denoLes 
fractures thal are vertically oriented. passing across bedding planes, and along which there is no appreciable 
movement. This previous work further designated "master joints" as those that are mOSl persinent m 
length. numerically predominate, pass through several stratigraphic subunits, and dip more man 85 degrees. 
"Mlnor joints" are those dipping from 40 to 70 degrees and found especially in unit 2a. 'nle joints form 
"conjugate setS" with dominant strikes of NW and NE with about 60 degrees between the strikes, which 
Baltz et aL (19~3) distinguish as developing from a preferred stress or structUral orientation. 

Vertical fracwres are common features of welded tuffs and have been attributed to brittle failure of 
the tuff by cooling corv:raction. In general these fractures fonn nearly parallel to the local thermal gradient 
in the tuff while it is cooling. ; Nearly horizontal fractures also form in welded tuffs through cooling 

; contraction as well as in response to overburden stress. Dames and Moore (1972) have distinguished these 
cooling fractures, which they also called joints, from tectonic fractures by their slight variance in 
orientation among stratigraphic units, u well as their occurrence in three general trends in strike: (1) N70W 
to N90W; (2) NlOW to N30W: and (3) N30E to NSOE. These workers noted typical dips in the range of 
80 to 90 degrees and fracture widths of0.25 to 2.0 inches. 

Because the fractures are numerous. we have tested the hypothesis that they might be planes along 
which teCtonic stress might be reUeved. Accordingly, the abundance of these fractures. their width and 
filling material should vary across areas where there has been tectonic displacement. In this way we 
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circumvent the need to distinguish cooling fracture joints from tectonic fractures in the field. leaving that 
problem to statistical analysis of their measurements 

Method. In order to make statistical analysis of fracture characteristics. we make a linear analysis of 
fracture abundancl. strikes, dips, and widths along lines crossing the fault traces hypothesized during 
geological mapping. Road cuts along Pajarito Road and East Jemez Road provided rock faces where these 
fracture measurements could be repeated in a systematic;1l fashion. Because of irregular exposure and 
vegetation. these measurements were not attempted on cliff exposures in the canyons. f The line along Pajarito Road begins about 235 ft west of the blocl:lde emplaced at the west end of the 

I 

old turnoff toT A-48 (see map for locations) and runs eastward nearly 2,800 ft to a point along a line drawn 
from the southeastern fence ofTA-55. From the geological map (Plate 1), this line crosses the southern 
extension of the Rendija Canyon Fault (RCF). The line along East Jemez Road begins about 200 ft east of 
the turnoff to the dirt access road going down South Mesa (where the 7.255 foot contour crosses the road). 
and the line continues nearly a mile down East Jemez Road past the LAMP turnoff to where the 7.000 ft 
contour crosses the road: The middle section of this line cuts across the southerly trace of the Guajc 
Mountain Fault (GMF). 704 fractures are documented along the Pajarito Road line. and 921 fractures are 
documented along the East Jemez Road line. 

Fractures are documented by fracture maps. constructed from polaroid photo- mosaics (Plates 3 and 
4). Each photo covers a60ut 15ft of rock exposed along measured lines. Gaps in road-cut exposures have 
been measured such that the fracture data can be analysed as a continuum. 1be photomosaics have attached 
maps with traced fractures that have been numbered for specific documentation in field notes and a data 
base. Fracture strikes and dips were measured with a Brunton compass (accuracy of 2 degrees), and 
fracture widths by ruler to within 2 mm accuracy. Because all variations of fracture visibility were 
encountered, only fractures that these measurements could be made were included in the study. The 
fracture data were entered into an RS/1 data base for analysis {ESSXRF VAX, RS/1 directory = 
[WOHLETZ.RSUSERHOME]@ken@taSS). 
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Fracture Abundances. In order to as.ses linear variations of fracture abundances. called l1f'~.1r 
density, the number of fractures encountered in !0 and 100ft intervals around each fracture ···•·;r~ 
calculated by a RS/1 procedure called "DENS.·· ·:nese data are shown as a funcuon of locat1on along c:1ch 
of the two measured lines (Figures~ and 5). The 10-foot linear density curve best represents what a c;nu:•.! 
observer would see along these road cuts. which i:; that there is no apparenr. variation in linear density :~!of':~ 
the lines. However. the 100-foot density curve shows some important peaks. I 

Along Pajarito Road (Figure 4), two peaks occur. one near the old turnoff to TA-48 and one JUSt sou:~: 
ofTA-55. The Iauer of these peaks with values of25 to 40 f!'21ctures per H>:l-foot interval is along stnkc or 
the RCF, while the fanner on the western pan of the line corresponds to a possible fault branch of the RCF 
that was mapped by aligrunent of downthmwn blocks mit:rograbens and zipper joints. Figure 4 also st10ws 
100-foot fracture density curves (pl and p2) measured along corresponding parts of the line at cuts along 
the other side of the road. These curves show similar trends as the previous curve. which supports the 
uniqueness of the data in a sense that the linear data likely represents data for an aerial distribution of 
fractures. 

The East Jemez Road line shows two peaks. one at the western edge and an apparent peak between 
1.600 nnd 2.400 ft east where there is also a gap in data because of a lack of a road cut exposure there T!· , 
latter peak (24 to 50 fmctures per 100-foot interval) corresponds in location to Lhe trace of lhc G\-1F. T:1~ i 
former peak might reflect the proximity of the RCF, which is projected to be about 1.000 ft west 01 tin 

\ 

line. or possibly a branch fault running west-northwest along the road connecting Lhc RCF and the G:'\-1F t 
! For both lines. gaps in the data set occur near the projection of the RCF and GMF. because oi a lack 

of road-cut exposure. These gaps are not surprising if one assumes that erosion of the mesa top!' h.1s 
produced notches where fracture density is highest. 

Fracture Strike:.r and Dips. 'fable 2 lists average strikes ancl dips for fractures measured alon~ 
Pajarito Road and East Jemez Road. If all the fractures belong to conjugate NE and NW trcncmg ~ct~ 
caused by cooling contraction, an approximately equal number of c~ch is expected. However this is not the 
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case for the data set gathered. Of the 704 fractures measured along Pajarito Road, 460 belong to the NE set and 244 to the NW set 

. . Table .2. Fracture Data • 

Number Strike Dip Width Olmulative Width 

Pajarito Road 

All 704 N16E(48) 76 (19) 1.81 (4.52) 905.85 NE 460 N4SE(2S) 73 (20) 1.81 (5.14) 585.40 NW 244 N39W(27) 81 (14) 1.81 (3.04) 320.45 

East Jemez Road 

All 921 N4E (48) 7S (18} 0.92 (1.74) 850.85 NE 520 N39E(26) 75 (18) l.Ol (1.89) 524.85 NW 401 N42W(27) 75 (18) 0.81 (1.53) 326.00 

• St.riltes and Dips are in delrees with standard deviations shown in parentheses. Widths are in em. and cumulative widths for Pajarito Road line exclude measurements on sections Pl and PS. which cover area along the line already included. 

For the 921 frac~ meas_ured along East Jemez Road, 520 are NE and 401 are NW. Over the RCF zone NE fractures outnumber NW fractures by about 2.16:1, and over the GMF zone, this ratio is 1.69: 1. Ovc r areas not suspected of being Mfected by fault zones, such as along section 4 on tbe East Jemez Road, the 
! 
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ratio of NE to NW fractures i:i 1.26:1. This observation suggests that fault zones have affected the rauo or 

NE to NW fractures. For the areas through which the RCF and GMF arc projected on these lmcs (RCr 

1,800 to 2,700 ft east, Figure F4; GMF • 1.000 to 2.600 ft east, FigureS), 158 fractures of varymg stnkcs 

over the RCF average 1.58 em w1de and dip 12.5 degrees (east or west of strike), and 199 fr~ctures over th~ 

GMF average 0.90 em wide and dip 74.9 dt:grees (east or west of strike). 
Histograms of fracture strikes (Figures 6 and 7) show an almo~t continuous distribution of stni:cs 

from -90 degrees {West) nonh through 0 degrees to 90 degrees (East) with only a slight preference tn 

frequency of fractures trending northeast These data are illustrated with linear distance in Figures 8 an j 9. Along Pajarito Road, the dominant fracture strike is about N l6E with the northeast set averagmg 

around N4SE and the nonhwest set averaging around N39W. There is little apparent variation in fracture 

strikes across the trace of the RCF (1.900 to 2,400 f! east) and over me: fault branch (tOO to 500ft east). The East lemez Road line shows average fracture strikes just 4 degrees east of north with :-\E 

fractures averaging N39E and NW fractures averaging N42W. In these data only a change from a 

dominance of NE fractures to a dominance of NW fractures gives an indication of the presence of the 

GMF. . ' 
Fracture dips average 76 degrees (73 along NE sets. 81 along NW sets) on the Pajarito line. and !hey 

average uniformly 75 degrees along the East Jemez line. These dips are dominant!)' 1 to 10 degrees to the 

nonhwest or northeast of vertical (80 to 89 degrees) for the fault zones along Pajarito Road (Figure I 0). 

whereas in between these zones the dips are more nearly vertical with a southeast or southwest dipping 

tendency. Where NE trending fractures dip further from vertical so docs the NW set. but in the opposlle 

direction. For the East Jemez Road line (Figure 11), there is no apparent variation in fracture dips JcrC''s 

the projection of the GMF. 

Fracture Widths and Fill. Fracture opening widths average 1.81 em for both fracture sets alon~ t!l-: 

Pajarito Road line (Table 2) with noticeable increases across the RCF and its fault branch (Figure I:). The 
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cumulative fracture opening along this: line is 9.06 m, 3.56 m accounted for across the RCF branch and 
I 

2.45 m across the RCF. Figure 13 shows fracture opening per 100-foot interval along the Pajarito line. and noticeable peaks occur over projected fault traces. Across the RCF opening of NW fractuks is greater than 
I that of NE fractures. The opposite relationship however is apparent across the fault branch. with NE fracrures showing the greatest opening. i 

There are several zones along the Pajarito Road line of notable fracture openings where fractures ar~ 
~ 

filled with or adjacent to brecciated rock and possibly gouge. Figure 14 shows the locations and openings of fractures that are filled with over 10 em of breccia or detritus for the Pajarito Road,Jine. There arc 
\ 

noticeable occurrences over the RCF and the RCF branch. Specific examples over the R~ branch include fraCture number 22 (Plate 2, section P2A), which consists of two fractures separated by 1.26 m of detrital flU and breccia. fracture 43 (Plate 2, section P2A) with an opening of 15 em filled with breccia, and fracture 4 tPlate 2, section Pl), which is two fractures separated by a 68 em wide zone of rubble. and a zone of completely broken tuff2 m wide but with no measurable fracmre surfaces between fractures 6 and 7 (Plate 2, section P3A). Possible fault breccia and gouge zones over RCF exist between fracture\ and 6 (Plate 2. section P4A). between fractures 54 and 68 (Plate 2, section P4A), and between fractures 83 and 88 (Plate 2. section P4B). Across Pajarito Road from sections P4A and P4B, a brecciated zone 90 em wide exists between fractures 5 and 6 (Plate 2, section P5A), another breccia zone over 1 m wide exists between fractures 23 and 26 (Plate 2, section P5A). fracture 39 (Plate 2, section PSB) has 15 em of breccia fill. and a breccia zone between fractures 64 and 6!i (Plate 2. section PSB) has 5 parallel frncrures in a crumbled zone about 1 m wide. These zones on section PSA and PSB correlate in relative location to zones idemilicd in sections P4A and P4B. 

Along the East Jemez Road line, average fracture opening widths (Figure 15) are about 0.9 em. There is an apparent decrease in width to about 0.4 em in crossing the GMF from west to cast. In gencr:1l ~\\' fractures are opened slightly more than NE ones, although for the cumulative fracture opening along this line of 8.5! m, 5.25 m is accommodated by the NE set while only 3.26 m is due to the NW set (Table 2). because there are fewer NW fractures than NE ones. Figure 16 shows fracture opening per 100- f0ot 
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interval along this line. but there is lit!.lc inclicat:on of gr•!ater opentng lcross the GMF. probahl:; as a ;~'.u;: 

of the lack of road-cut exposure there. 

Along East Jemez Road (F1gure 17) only one fracture opening greater than I 0 em was noted over t:: · 

trend of the GMF while several were noted on the west end of the line, possibly a response to the proxtmlt! 

of the RCF. These fractures are noted as fractures 54. 67, and 69 (Plate 3. section ElA) and fracture 3A 

(Plate 3. section E3A). 

Vertical Displacements. There are very few fractures along which vcnic;ll displacement can be 

confidently recognized; where we have noted features. such as lithic fragments broken and displaced. 

movement is a few em or less. In order to assess potential vertical displacement accommodated by 

fractures, we make a trigonomecric assumption that fracture opening widths have occurred in responsr :o 

vertical movement along those fractures. Based upon fracture data along Pajarito Road where over the 

projection of the RCF (distance= 1,800 to 2,700 ft east. Figure 4) dips average 72.5 degrees and fracture 

openings average 1.58 em, a trigonometric relationship suggestS that Chis average fracture openmg ts 

achieved by 1.66 em of vertical displacement per average fracture. For the 158 fractures observed ir• li11S 

span of 900 ft the total cumulative venical displacement is 2.62 m (8.6 ft). This same calculation for 

measured fractures along East Jemez Road where it crosses the projection of the GMF (average fracture c:r 

= 74.87 degrees. average opening= 0.90 c;m, 199 fractures) indicates a total cumulative vcrttCJ! 

displacement of 1.85 m (6.1 ft) over 1600 ft horizontal distance (1,000 to 2.600 ft east, Figun! SJ. Conclusions. Fracture data measured along lines running parallel with Pajarito Road and East Jemez 

Road suggest that the presence of the Rendija Canyon Fault and Guaje Mountain Fault have caused not:~blc 

increases in the abundance of ftacnnes in the Bandelier Tuff where the lines cross traces of these faults. In 

addition there is an apparent increase in average and cumulative fracture opening widths across these f.t~.;l! 

projections. Fracture strike and dip data provide no conclusive evidence. Appearance of rock brcCCJat:0n 

and gouge zones of up to a meter wide along some fractures is is added indication of surface rupture th:~: 

has been tectonically caused along these faults. 
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The increase in abundance of fractures over the fault zones and the likelihood of average displacement on the order of a em on each of these fractures are an indication that if tJ1e calculated vcnical 

0 
~ '· b 

• 
movement of ~everal m or more has occurred in bedrock below the tuff along the fault traces. its surface 1 manifestation has been spread out over zones of several hundred feet across the fault. so that surface n ruptute is diffuse and difficult to recognize. 

6. Topographic Gradients 

Topographic gradients are commonly affected by fault movements. Along mesa tops where the regional gradient slopes at! few degrees easterly, there are a few very gentle inflection points of this gradient. Along stream beds. topographic inflections caused by fault movement are tenned "nick points." Several such features of up to 10 ft vertical relief were noted in canyons. We plot mesa rop gradients and stream gradients to see if inflection points correspond to fault zone projections. 

Mesa Top Gradients. Even though surface displacement of mesa tops by the RCF and GMF is likely diffused over distances of several hundred feet, there might be slight changes in topographic gradient. Figure 18 shows mJsa top elevations from west to east on Los Alamos Mesa (Trinity Drive. DP Road), South Mesa. Sigma Mesa, and Mesita Del Buey (Pajariro Road). Topographic gradient inflections are prominent at areas where the RCF and GMF are projected. The same is true for Twomilc Mesa. Twomile Mesa (sourh), and Pajarito Mesa (Figure 19). While the topographic effect of the RCF is greatest to the oorth it becomes less~ to the south, while the opposite is true for the GMF, which is expressed by captured draina~ canyom that develop on its trace. 

Although it is difficult to prove that these topographic gradient inflections arc an indic:nion ol the presence of the faults, the gradient along Trinity Drive- DP Road is especially interesting in the area just west of Ashley Pond (Figure 20). ·Gardner and House (i987) and Wachs et al. (1988) extend the RCF south to Ashley Pond, and just west of the point the mesa top takes a very unusual dip towards the west. In Figure 17 the average topographic gradient west of Ashley Pond is compared with that to the cast of the 
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pond. A down drop of nearly 150ft to the wc:st can e>:plain the discontinuity in the generally cast dippmg 

mesa top gradient. This discontinuity extends over nearly 1 mile from Diamond Drive to Ashley Pond. 

covering the zone where the RCF might split into several fault branches. rr this 150 ft of apparent 

downdrop to the west over the RCF is in fact realistic, we need to consider reasons why this amount of 

vertical displacement is not apparent south of Los Alamos canyon. In our mapping in Los Alamos canyon. 

we did observe southwest-trending splays of the RCF running about 500 fr west of its mam trace (just west 

of the Los Alamos Inn). Along these fault splays is noticeable topographic downlhrow 10 the west. 

Another SW-trending splay of the RCF may branch off in Pueblo Canyon and pass on either side of 1he 

LAAO DOE building, Ctlrving up Los Alamos canyon towards the PajarilO Fault zone. It is possible that 

these fault splays might in fact accommodate much of the vertical offset seen along the RCF north of Los 

Alamos canyon. 

Stream Gradients. Stream gradients in the area of Plate 1 may have some inflections that reflect the 

positions of the RCF and GMF (Figs. 21-25). The Sandia Canyon gradient (Pig. 22) and the Mortandad 

Canyon gradient (Fig. 23) bbth have sharp increases where the streams csusscs tbe GMF projection. These 

gra~ent increases are entirely within the tuffs of unit 2. and are thus unlikely to be due to stratigraphic 

transitions in tuff physical properties. The TwomileJPajarito gradient {Fig. 24) bas inflections where 

secondary drainages meet the main channel. as well as where the RCF and GMF projections intersect: lhcsc 

inflections are perhaps less easy to interpret. since both drainage and fault effects may have contributed to 

the gradient changes. 

7. Recommendations 

To further substantiate the above fracture dnta that indicate the diffuse presence ncar TA-SS of surfa~c 

rupture associated wirh the trends of lhe Rendija Canyon and Guaje Mountain faults, additional fracrure 

measurements should be made. These measu{'ements can not be confidently made on cliff exposures 

because of vegetation, soil and rock cover, and the irregular faces of the cliffs. We suggest that blade cut 

of sufficient depth (about 1 foot) to expose solid tuff be made on mesa tops near TA-SS and dW the cuts be 
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washed clean by water hoses. This method could expose fractures in a regular fashion such that 11 
measurements could be made similar to those on road cuts. 

Funher work should be done in Los Alamos Canyon. In panicular. the large slide block fonning 
above TA-2 has been mapped only in reconnaissance scale. This block is th.e most prominent example in 
the map area of potential mass-wasting hazards to established sites (in this case. the reactor at T A-2). It is 
likely that similar slide blocks exist near other laboratory technical areas, and these require hazard study as 
well. 

Related work that can further document the seismic hazard in the mapped area includes study of 
geomorphic surfaces (e.g., raised meadows and terraces in canyons) and detailed topographic surveys of 
stmipaphic market& over the fault zones. This is work. we also strongly recommend. 
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Figure Captions 

Plate ·t. GeolOgical map of the Pajarito Plateau around TA-55. 

Plate 2,:J:ractu~ .~ along Pajarito Road. Green lines denote NW striking fractures. red Unes denot:O: NE ' · · striJdng fractureS. 
'• :: '' 

.... Plate 3.::f~~·l1lliP;S al~g.East Jemez Road. Green lines denote NW strildOg fract¥res• ~ lines denote '·~·::~, ·.· ·NE;~triking bacmres. · · · · · · · ~ .; 
' ': ·~ 

1 . . '':·Hisiogtam ~fJtacture.strikes along ~l\StSemez Road. . . . . 
. . :.· .. 

{' . . 

.:• 



\ 
8. Variation of f<11Cll1re strikes along Pajaril~ Road. showing averaged lOOibed) tn:nds lor all 

fractures and for NE and NW sets. 
\ 9. Variation of fn<:twc .lalong East Jemez Road. show;ng aven~pd\smco<hcd) u.nds ro, \ 

all fractures and for NE and NW sets. 
' 10. Variation of fracture dips along Pajarito Road showing smoothed trends(or all fractures. the 

NE set, and the NW set. The dips are expressed such that 0 degrees is verucal and 90 ( -90) is 

horizontaL 

\ 

\ 
11. Variation or fracture dips along East Jemez Road showing smoothed trends for aU fractures. 

the NE set. and the NW set. The dips are expressed such that 0 degrees iJ venical and 90 (. 

90) is hori2ontal. 

I 12. Variation of averaged fractUre widths along Pajarito Road. 
13. variation in cumu.lali~ fracture opening for 100 foot intervals along Pajarito Road. 

14. Plot of fractures having openings of 10 em or more along Pajarito Road. tS. · Variation of averaged fracmre widths along East Jemez Road. 
16. Variation in cumulative fractunl opening for 100 foot intervals along East Jemez Road. 17. Plot of fractures having o~s of 10 em or more along East Jemez Road. 

t 
1 S. Plot of topographic gradients of R1esa tops for Trinity Drive - DP Road (Los Alamos). South 

•' .. ·.··I Mesa, Sigma Mesa. and Pajartto Road (Mesita Del Buey) . 
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19. Plot of topographic gradients of mesa tops for Twomile Mesa, Twomile Mesa southern branch, and Pajarico Mesa. 

20. Detailed plot of topographic gradient along Trinity Drive· DP Road showing the prominent break in slope near Ashley Pond where the Rendija Canyon Fault zone runs. Linear fits to gradient segments on either side of the RCF show that up to ISO ft of downdrop to the west could have caused this break: in slope. 

21. Los Alamos canyon gradient. 

22. Sandia canyon gradient 

23. Mortandad canyon gradient. 

•· 24. Two mUe/Pajarito canyon gradient. 

2S. Pajarito canyon gradient. 
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